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Endotoxemia in febrile reactions during hemodialysis. Endo-
toxin was detected in the plasma in 20 of 33 (63%) patients during
at least one dialysis-related febrile episode not associated with
positive blood cultures. It was always present in the dialysate.
In two of six Kiil-type dialyzers perfused in vitro, endotoxin
could be demonstrated to pass from the dialysate to the blood
compartment. Alterations in pore size of the membrane could
explain these observations.
Endotoxinémie et reactions fébriles au cours de l'hémodialyse.
De l'endotoxine a été trouvée dans le plasma de 20 malades sur
33 (63%) au cours d'au moms un episode fébrile en rapport avec
l'hemodialyse, ceci en l'absence de positivité des hémocultures.
Dans deux parmi les 6 dialyseurs du type Kiil qui ont été perfusés
in vitro il a été démontré que l'endotoxine passe du dialysat au
compartiment sanguin. Des modifications de Ia taille des pores
de Ia membrane pourraient expliquer ces observations.
Pyrexial reactions are a common complication of pa-
tients undergoing chronic hemodialysis [1]. Except for
indirect evidence implicating endotoxin as the causative
agent, the mechanism of these reactions has not been
defined [2]. We have conducted a prospective study in an
attempt to establish a correlation between clinical symp-
toms, the results of bacterial cultures and the presence of
circulating endotoxin during these febrile episodes.
Methods
A group of 33 patients undergoing chronic hemodialysis
in a limited care facility [3] were studied for a period of
three months. During that time 1296 dialyses were per-
formed using a Kiil-type dialyzer and a central delivery
system provided with a charcoal filter and a water deionizer.
All patients without an obvious source of infection who
developed a fever during dialysis were included in the
study. Fever was defined as an oral temperature of 100° F
or more, developing during dialysis, and not present at the
beginning of the procedure. Concomitant signs and symp-
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toms including chills, nausea, and hypotension were also
recorded. During febrile reactions blood samples were
obtained simultaneously from the arterial and venous side
of the blood lines, and the samples of dialysate were ob-
tained from each of the individual dialysis units. All the
samples were processed for determination of endotoxin and
for bacterial culture. When afebrile, the same group of
33 patients were reevaluated for the presence of circulating
endotoxin. Two blood samples were obtained from each
patient— one at the time of the next dialysis and the other
at an interval that varied from one to four weeks after the
febrile episode. On the same occasions dialysate samples
were studied for the presence of endotoxin and bacteria.
Six Kiil-type dialyzers were tested in vitro for diffusion
of endotoxin from the dialysate to the blood compartment.
Four of them were the regular dialyzers used in the unit1
and were routinely sterilized with 3 % formalin. The other
two dialyzers were disposable units that were received pre-
sterilized from the factory2. Sterile saline containing
10 picograms (pg) of endotoxin per ml was recirculated for
6 hr in the dialysate compartment. At the same time, sterile
saline previously shown not to contain endotoxin was re-
circulated through the blood compartment for the same
period of time. "Dialysate" and "blood" samples were
obtained at the beginning of the procedure and after 6 hr
of recirculation for cultures and endotoxin assay.
Endotoxin was measured by the method described by
Levin et a! [4, 5]. His method is based on the observation
that endotoxin induces the gelation of the lysate obtained
from the amoebocytes of the horseshoe crab, Limulus poly-
phemus. The possibility that the "Limulus" test could be
positive in the presence of substances other than endotoxin
has not been absolutely excluded, but the experience
available so far seems to indicate that this test is specific
for endotoxin. Fever per se [6], Gram positive bacteria,
1 Mark II Dialyzer, Milton Roy Co., St. Petersburg, Fla.
2 Gambro-Lundia Dialyzer, AB Gambro, Lund, Sweden.
E. coli endotoxin, Bacto lipopolysaccharide, E. coli 055: B5,
Difco Laboratories, Detroit, Mich.
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derivative products of Gram positive bacteria [71, or vaso-
active amines [8] have not been found to give a positive
reaction.
A plasma standard was made by suspending endotoxin
lipopolysaccharide3 in a pool of normal plasma from nor-
mal donors, in a concentration of 1.0 mg/mI. The standard,
the normal plasma without endotoxin and the patient's
plasma were each extracted with chloroform for 4 hr. After
centrifugation at 1100 x o for 10 mm, 0.2 ml of the middle
layer was withdrawn. From this sample 0.1 ml was directly
mixed with the Limulus lysate and 0.1 ml was serially
diluted tenfold with sterile saline; 0.1 ml of the diluted
plasma was then mixed with 0.1 ml of the Limulus lysate.
All the samples were incubated in a water bath at 37° C for
a minimum of 4 hr and a maximum of 24. An obvious in-
crease in viscosity or gelation, as read by two independent
observers, was interpreted as a positive test. The test proved
to be reproducible with a sensitivity for the lipopolysac-
charide used as standard of 10—' pg of endotoxin per ml of
plasma or a dilution of 10—10 of the original plasma
standard. The results are expressed as picograms (pg) of
endotoxin per ml of plasma, which are calculated from the
maximal dilution of the patient's plasma that is able to
effect gelation. The dilutions were then multiplied by the
minimal concentration of endotoxin that could be detected
by these methods (10—' pg/mI) in order to give the final
concentration. The same methods were used for calculating
the concentration of endotoxin in the dialysate, except that
the samples were compared with a standard made with
saline instead of plasma.
The dialysate and saline cultures (1 ml of the sample in
10 ml of culture media) were performed on trypticase soy
broth (TSB) and were plated on blood agar, eosin methylene
blue, and 1 % sodium azide blood agar plates. The patient's
blood cultures (5 ml of blood in 50 ml of culture media)
were performed on enriched TSB and in thioglycolate
broth. The samples were incubated at 37° C and observed
for a period of a week.
Results
During the three months in which the study was per-
formed, 52 febrile episodes in the 33 patients satisfied our
definition of fever and were included in the study. The
most common signs and symptoms during these pyrexial
episodes were chills (35%), nausea (19%), and hypotension
(17%). Some of the episodes were very severe but most of
them responded very well to symptomatic treatment, pri-
marily antipyretics.
Blood endotoxin. Circulating endotoxin was detected in
22 of the 52 febrile episodes (41 %). Endotoxin was found
simultaneously in samples of arterial and venous blood in
11 episodes; in arterial blood alone in four episodes; and
in venous blood alone, seven episodes. Twenty of the
33 patients (63%) had circulating endotoxin during at least
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Fig. 1. Concentration of endotoxin in plasma and dialysate samples
obtained simultaneously.
one febrile episode. Using the semiquantitative method
already described, the concentration of endotoxin was
between 0.5 and 5.0 pg/ml in 18 samples for which enough
plasma was available. No endotoxin was detected in the
two specimens of plasma obtained from each of the 33 pa-
tients when afebrile.
Blood bacterial cultures. All the cultures performed on
blood obtained during the febrile episodes were negative.
Dialysate endotoxin. All the dialysate samples contained
detectable endotoxin in a concentration of 5 x 10-' to
5 x 10 pg/ml. No major differences were found between
the concentration of endotoxin present in the dialysate
samples obtained during the febrile and afebrile periods.
Also, no relationship could be established between the
dialysate concentration of endotoxin and the presence of
endotoxin in the blood (Fig. I).
Dialysate cultures. Cultures of dialysate obtained during
the febrile episodes were negative, except for the presence
of Pseudomonas aeruginosa in a concentration of 106 co-
lonies/mI in one sample. The concentration of endotoxin
in that particular sample was of 0.5 x l0 pg/mi of dialysate.
The bacterial cultures performed on the samples obtained
during the afebrile periods were positive in 12 out of 66 in-
stances: gram positive bacteria, primarily coagulase nega-
tive staphylococci, in II samples in a concentration of I to
2 colonies/mI; Herellea Np., in one sample in a concentration
of I colony/mi.
In vitro experiments. In two of the six (one disposable,
one regular) dialyzers in which perfusion experiments with
endotoxin were performed, endotoxin was detected in the
blood compartment in a concentration of 10—1 pg of endo-
toxin per ml after 6 hr of recirculation. Samples obtained
from the blood compartment at the beginning of the
procedure were negative. All bacterial cultures obtained
from the diaiysate and blood compartment were negative.
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Discussion
Despite recent technical improvements, including the use
of disposable equipment, patients undergoing chronic hemo-
dialysis are subject to considerable risk from infection.
Fever is a common manifestation of infection, but a careful
review of our own experience reveals that a great number
of febrile reactions are not due to demonstrable bacterial
infection (unpublished observations). A similar experience
was reported by Robinson and Rosen (1] in a study of
39 patients undergoing chronic hemodialysis using similar
facilities. They also reported an over-all incidence of pyrexial
reaction of 0.95 reaction per patient per month. In general,
most dialysis units are familiar with these reactions charac-
terized by fever, nausea, hypotension and chills.
The origin of these reactions had not been definitively
established, although endotoxin had been suspected as a
causative agent. Gazenfield-Gazit and Eliahou [2] found
high titers of antibodies against dialysate bacterial endo-
toxin in a group of 12 patients undergoing chronic hemo-
dialysis; in three patients, conversion from seronegativity
to seropositivity within three months was demonstrated.
The fact that we were able to demonstrate the presence of
circulating endotoxin or endotoxin-like activity in 41 % of
the febrile episodes but in none of the 66 samples taken
from the same patients when afebrile establishes a close
relationship between endotoxin and pyrexial reactions. Our
inability to show the presence of endotoxin in every in-
stance of fever could be due to the absence of circulating
endotoxin, endotoxin circulating in titers below the sen-
sitivity of the methods, or the effectiveness of the reticulo-
endothelial system in some patients in clearing the blood
stream of endotoxin. The latter could explain why endo-
toxin was present at times in samples obtained from the
venous line and not from the arterial line. It is more
difficult to explain why endotoxin was present in arterial
and not in venous plasma in four episodes, other than
because plasma endotoxin is diluted in its passage through
the dialyzer.
Uremia has been described as inducing a tendency to-
wards hypothermia [9] and a decreased febrile response to
infection. It has also been reported that dialysis eliminates
this hypothermic effect and allows fever to become apparent
in these patients. It is possible that the pyrexial reactions
were due to endogenous endotoxemia which became mani-
fest only during dialysis. Several factors tend to dispute this
hypothesis: first, the patients did not have clinical uremia
because they were regularly dialyzed, most of them three
times a week; second, patients with a known infection were
not included in the study; third, while an occult pyelo-
nephritis cannot be completely excluded in some patients,
the fact that some nephrectomized patients had circulating
endotoxin seems to exclude this as an important source of en-
dotoxemia in this study; and fourth and most important,each
patient acted as his own control when afebrile, and no
detectable circulating endotoxin was found during his
periods without fever. This supports the hypothesis that
endotoxemia is of an exogenous and not an endogenous
source. Furthermore, this study indicates that most
pyrexial reactions occurring in patients without an obvious
source of infection and afebrile at the onset of dialysis are
due to endotoxemia without bacteremia.
The disposable tubing used for blood lines during hemo-
dialysis was not the source of endotoxin. We tested 80 of
them prior to use and found them uncontaminated by
endotoxin.
The presence of endotoxin in the dialysate is strong
evidence that it is a source of the endotoxemia. The pore
size of the membranes used for dialysis is theoretically
smaller than the molecular size of endotoxin [10, 11].
Hence, the passage of endotoxin may be due to isolated
defects in these pores at the time of manufacture or could
be induced by the changes in the positive and negative
pressure during dialysis. Since the amount of endotoxin
able to induce a reaction in humans is small, it is not
necessary to have a major rupture in the membrane to
account for endotoxin-induced pyrogenic reaction. The
concentration of endotoxin in the dialysate during febrile
reactions was not different from that observed during
afebrile periods and thus excludes periodic increases of
endotoxin in the dialysate as a cause for the recurrence of
these reactions. Rather the existence of batches of mem-
branes with a nonhomogenous population of pores is
strongly suggested. The in vitro perfusion experiments
which demonstrated diffusion of endotoxin into the blood
compartment of two out of six dialyzers, with known
amounts of endotoxin in the dialysate compartment, per-
fused for 6 hr adds confirming evidence to this hypothesis.
Elimination of endotoxin from the dialysate should be
emphasized in future technological advances in hemo-
dialysis. Significant morbidity is associated with febrile
episodes [1] and endotoxin possibly plays a role in the
Shwartzman reaction in patients undergoing transplan-
tation (12].
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Note added in proof: Hirata et a! (Transplantation 15: 441—445,
1973) have recently shown a cross reaction between human
transplantation antigens and bacterial lipopolysaccharides. They
suggest that some lymphocytotoxins might be produced in
response to bacterial infection and/or bacterial lipopolysac-
charides.
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